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© Liquid crystalline material and display cell containing said material. 



© A liquid crystalline material in the form of an 
anisotropic gel comprising a polymerized liquid cry- 
stalline material and a low-molecular liquid crystal- 
line material, can be used in a display cell, said 
polymerized material forming a permanently oriented 
network in the low-molecular liquid crystalline ma- 
terial. The display cell comprises two opposite plates 
1 and 2 which are transparent to light as the sub- 
strate, which plates are provided with electrodes 4 
and 5 of a material which is transparent to light on 
the sides facing each other, orientation layers 7 
being provided on said electrodes. A sealing ma- 
terial 3 is provided between the ends of the plates 1 
and 2. The space between the plates and the sealing 
material is filled with the liquid crystalline material 6. 
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The invention relates to a liquid crystalline ma- 
teria! in the form of an anisotropic gel comprising a 
polymerized liquid crystalline material and a low- 
molecular liquid crystalline material. The invention 
further relates to a display cell comprising two 
opposite plates which are transparent to light as 
the substrate, which plates are provided with an 
electrode of a material which is transparent to light 
on the sides facing each other, said electrode 
carrying an orientation layer and a sealing material 
being provided between the ends of the plates, a 
liquid-crystalline material being introduced in the 
space between the plates and the sealing material 
which is in the form of, for example, a ring. 

In WO 89/09807, a material is disclosed which 
consists of microdrops of a liquid crystalline ma- 
terial dispersed in a polymeric matrix of a material 
having mesogenic groups, i.e. a liquid crystalline 
material, in said publication it is stated that the 
matrix material is of the thermoplastic type and, 
hence, as the substances constituting the matrix 
material linear polymers are indicated. Said linear 
polymers can be used in electro-optical light shut- 
ters because, dependent upon the structure of the 
microdrops and the configuration of the light shut- 
ter, said light shutters are translucent in the OFF- 
state and opaque in the ON state, or conversely. 

In WO 89/06371, a composite material is dis- 
closed which consists of drops of liquid crystalline 
material within a matrix of a polymer of acrylic 
acid, said liquid crystalline material having a solu- 
bility in the polymer which is lower than the solubil- 
ity in the corresponding monomer. After polymer- 
ization of the monomer, this composite material is 
a solid matrix in which the liquid crystalline material 
is dispersed in the form of drops. In this manner, 
problems concerning the leaking of the liquid ma- 
terial from the display cells are overcome. In WO 
89/06254, a similar material is disclosed, with this 
difference that a matrix is formed from a copolymer 
of an acrylate and a mercaptan. 

In European Patent Application EP 291427, a 
description is given of a polymer of a liquid cry- 
stalline material having mesogenic groups in the 
side chain and an ethene-like unsaturation. These 
linear polymers may be mixed with variable quan- 
tities of small molecules which have no side 
chains, which small molecules may be mesogenic. 
The orientation of the linear polymers can be 
changed when the external field is changed, where- 
as the orientation of a network remains unchanged. 

European Patent Application EP 313053 de- 
scribes the use of a liquid crystalline material hav- 
ing a positive dielectric anisotropy and a transpar- 
ent solid which is present in the liquid crystalline 
material in the form of particles on a three-dimen- 
sional network. Said network, however, is not com- 
posed of a liquid crystalline material and it is not 



oriented. 

In an article by Rudolf Zentel, published in 
Liquid Crystals, 1986, Vol. 1, No. 6, pages 589-592, 
it is described that cross-linked crystalline poly- 
5 mers are made to swell by using low-molecular 
nematic liquid crystal materials, so that orientation 
in electric fields can be brought about more read- 
ily. In fact, two polymer materials are used, such as 
1) polyacryiate having side groups to obtain a 
70 liquid crystalline materia! and 2) polymethacrylate. 
Both polymer materials have a different cross-link- 
ing density. 

In accordance with the invention, a liquid cry- 
stalline material as described in the opening para- 
16 graph is obtained, which is characterized in that the 
polymerized material a) forms a permanently ori- 
ented network in the low-molecular liquid crystal- 
line material b). Preferably, said material b) forms a 
continuous phase around the network of material 
20 a). This preferred continuous phase is obtained, in 
particular, by selecting the quantity by weight of 
material a) to be smaller than 50 % of the sum of 
material a) and material b), namely between 1 and 
25 % by weight and more specifically between 3 
25 and 10 % by weight. 

Examples of the liquid crystalline material a) 
from which a network can be formed are acrylates, 
epoxy compounds, vinyl ethers and thioiene sys- 
tems. Examples of acrylates are represented by 
so formula 1 and 2 of the formula sheet; in formula 1. 
A denotes a bonding dash or -O- or -COO-, m and 
n denote an integer between 0 and 20, and B 
denotes a mesogenic group as represented by 
formulae 9-12 on the formula sheet, or other exam- 
35 pies of mesogenic groups such as -N ■ N-, and the 
like, which are known to those skilled in the art. 
Formula 2 represents an acrylate having a 
mesogenic group included in the chain, said 
mesogenic group being represented by formula 12 
40 on the formula sheet 

An example of an epoxy compound is shown in 
formula 3, where X denotes a group having for- 
mulae 4-8, as shown on the formula sheet. In 
formulae 4-8, p denotes an integer having a value 
45 of 0-20 In formula 3, B has the same meaning as in 
formula 1 . 

An example of a vinyl ether, which may be 
used as a starting material for the material a) 
according to the invention, is represented by tor- 
so mula 13 on the formula sheet, the meaning of X 
and B being the same as described above with 
respect to formula 3. 

Formulae 15-18 represent substances which 
can be used as material b), i.e. a substance which 
55 cannot be polymerized. A mixture of the com- 
pounds of formulae 15-18 is commercially available 
under the indication E7 by BDH, in quantities of 8 
%, 25 "%, and 16 %, respectively, it is alternatively 
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possible to use a liquid crystalline material as the 
material b), said liquid crystalline material having 
polymerizable groups which do not or hardly poly- 
merise under the conditions of polymerisation for 
the formation of the network consisting of sub- s 
stance a). 

Optical and electrical properties of a scatter- 
type liquid-crystal cell comprising the known an- 
isotropic gel will be described in more detail with 
reference to the accompanying drawing, in which io 

Fig. 1 is a cross-sectionaJ view of a display cell 

according to the invention; 

Fig. 2 shows the normalized transmitted light - 
intensity as a function of the effective voltage 
applied to the cell for gels having different com- 75 
positions; 

Fig. 3 shows the normalized scattered light in- 
tensity as a function of the angle between the 
plane of polarisation of the light incident on the 
cell and the direction of molecular orientation; 20 
Fig. 4 shows the response of the cell comprising 
a gel having a specific composition for various 
applied voltages. 

In Fig. 1, reference numerals 1 and 2 denote 
two opposite plates which are transparent to light 25 
and which will hereinafter be termed substrates and 
" which comprise electrodes 4 and 5 on the oppos- 
ing sides, said electrodes being manufactured 
from, for example, ln20 3 .Sn0 2 . On the electrode 
there is provided an orientation layer 7 of, for 30 
example, a polyamide or silane, by means of which 
the liquid crystalline material 6 according to the - 
invention can be oriented between the electrodes. 
The cell is manufactured by arranging the sub- 
strates thus formed and provided with electrodes as 
and the orientation layer opposite each other and 
closing the apertures by, for example, a ring- 
shaped member and filling the space between the 
substrates and the ring 3 with the liquid crystalline 
material 6 according to the invention. In practice, a 40 
bonding layer of an epoxy compound can be used 
instead of the ring 3 shown. 

When no voltage is applied to the cell, light 
incident on said cell is scattered to a small degree 
only. By applying a voltage, the gel present in the as r 
cell is subjected to an electric field and the gel 
and, consequently, the cell become opaque as a 
result of the scattering produced. However, it is 
alternatively possible to use molecules having a 
negative dielectric anisotropy instead of molecules so 
having a positive dielectric anisotropy, as a result 
of which the switching process is reversed. When a 
uniaxial orientation is used, the scattered light is 
highly polarized and is brought about only by the 
presence of the network. When a voltage is applied 55 
to the cell, only a part of the free molecules is 
reoriented. As a result of the high degree of 
"anchoring", free molecules which are close to the 



network molecules are less influenced by the elec- 
tric field generated by applying the voltage. 

As stated above, the ceil is transparent when 
no voltage is applied and becomes more opaque 
according as the voltage applied increases. Fig. 2 
shows the normalized transmitted light intensity 
I7/I0 as a function of an effective voltage 
applied to a cell of 6 )tm for gels containing dif- 
ferent quantities of E7 and hence different quan- 
tities of C6H, the latter being 3 %, 5 %, 7 % and 
10 %, respectively. At a low content of network 
molecules, the cell starts to scatter at approxi- 
mately 16 volts. When the applied voltages are 
higher, scattering rapidly reaches a saturation level 
after which it decreases. The threshold voltage for 
bringing about scattering, however, increases rap- 
idly according as the content of network molecules 
increases, whereas the slope at which the satura- 
tion level is reached becomes less steep. As stated 
above, the higher voltages necessary to attain 
reorientation of the free molecules is caused by the 
high degree of "anchoring" which is exerted by the 
network molecules on the neighbouring free mol- 
ecules. 

The effect of the direction of polarization on the 
intensity of the light passed is shown in Fig. 3 
which depicts the scattered light intensity as a 
function of the angle 6 between the plane of 
polarisation of the light incident on the cell and the 
direction of molecular orientation. As shown in Fig. 
3, the maximum scattering is obtained when e = 
0°, and hardly any scattering occurs when B = 90°. 
This means that the component of the light po- 
larized in the direction perpendicular to the molecu- 
lar orientation is passed almost without scattering. 
Starting from a uniaxial orientation of the gel mol- 
ecules, the application of a voltage makes free 
molecules which are not strongly bonded to the 
network molecules reoriented themselves in accor- 
dance with the electric field generated. The long 
axes of the reoriented free molecules will be in- 
clined relative to the initial direction of molecular 
orientation. In the case of uniaxial orientation scat- 
tering is maximally 50 %. To attain a higher per- 
centage of scattering, non-uniaxia! orientation, such 
as twisted or helicoidal orientation has to be used, 
while applying monomers having a chiral atom or 
using chiral doping. Thus, the twisted orientation 
can more readily be attained by using the gel in 
accordance with the invention. 

Fig. 4 shows the effect of the applied voltage 
on the rise time and decay time. Fig. 4 relates to a 
cell of 6 ^m having a gel containing 95 % of E7. 
Fig. 4 shows that the rise time decreases accord- 
ing as the applied voltage increases, whereas the 
decay times remain substantially constant up to the 
saturation voltage and tend to increase somewhat 
when the voltage is increased further. Besides, the 
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rise time increases according as the cell thickness 
increases, but the decay time remains constant. 
The decay time decreases rapidly according as the 
content of network molecules increases. Conse- 
quently, it is not the thickness of the cell that 
counts but the average distance between the net- 
work molecules. This explains the short decay 
times in comparison with the decay times (a few 
hundred milliseconds) in normal nematic cells. 
More particularly, decay times of less than one 
millisecond can be obtained. 

The above-mentioned scattering properties of 
the gel can of course be used in many other opto- 
electronic devices, such as shutters. 

The invention will be explained in more detail 
by means of the following example of the prepara- 
tion of a liquid crystalline material according to the 
invention. 

Example. 

A display cell was composed of two opposite 
plates which are transparent to light and which are 
provided with an electrode of a material which is 
transparent to light and with rubbed polyimide lay- 
ers. In the cell there was provided the liquid cry- 
stalline material consisting of the materials a) and 
b), for which purpose 5 % of diacrylate was used, 
represented on the formula sheet by formula 14 
(known under the indication C6H), which diacrylate 
was added to 95 parts of a liquid crystalline ma- 
terial, marketed by BDH and known under the 
indication E7, consisting of a mixture of four sub- 
stances, represented on the formula, sheet by for- 
mulae 15-18. A photo-initiator in a quantity of 1 part 
by weight was added to said mixture, Irgacure 651 
which is marketed by Ciba Geigy being used as . 
the photo-initiator. The provision takes place by 
capillarity (under the influence of the surface ten- 
sion). The orientation obtained corresponds with 
the direction in which the polyimide was rubbed. 
After said orientation, the liquid crystalline material 
was exposed to UV light (TL09-Philips), so that a 
skeleton was formed on the basis of the acrylate 
which is represented by formula 14 on the formula 
sheet, which skeleton was present in the continu- 
ous phase of the material b) and it preserved the 
orientation independent of the fields applied and 
the influences to which the liquid crystalline ma- 
terial b) was subjected. 

Claims 

1. A liquid crystalline material in the form of an 
anisotropic gel consisting of a polymerized liq- 
uid crystalline material and a low-molecular 
liquid crystalline material, characterized in that 
the polymerized material a) forms a permenan- 



tly oriented network in the low-molecular liquid 
crystalline material b). 

2. A liquid crystalline material as claimed in 
5 Claim 1 , characterized in that material b) forms 

a continuous phase around the network of ma- 
terial a). 

3. A liquid crystalline material as claimed in 
io Claim 1, characterized in that material a) is 

selected from acrylates, epoxy compounds, vi- 
nyl ether compounds and thiolene compounds. 

4. A liquid crystalline material as claimed in 
75 Claim 3, characterized in that the acrylate cor- 
responds to formula 1, shown on the formula 
sheet, where A is a group denoting a bonding 
dash, -O- or - COO, B is a mesogenic group 
examples of which are indicated by formulae 

20 9-12, as shown on the formula sheet, and m 

and n are integers between 0 and 20. 

5. A liquid crystalline material as claimed in 
Claim 3, characterized in that the epoxy com- 

25 pound corresponds to formula 3, shown on the 

formula sheet, where X corresponds to a group 
represented by formulae 4-8, shown on the 
formula sheet, B is a mesogenic group exam- 
ples of which are indicated by formulae 9-12, 

30 shown on the formula sheet and p is an in- 

teger having a value of 0-20. 

6. A liquid crystalline material as claimed in 
Claim 3, characterized in that the material a) is 

35 a vinyl ether of formula 13, as shown on the 

formula sheet, and B and X have the same 
meaning as indicated in Claim 5. 



7. A liquid crystalline material as claimed in 
40 Claims 1-6, characterized in that material a) is 

present in the gel in a quantity of 1-50 % by 
weight. 

8. A liquid crystalline material as claimed in 
45 Claim 7, characterized in that the material a) is 

present in the gel in a quantity of 3-10 % by 
weight 

9. A liquid crystalline material as claimed in 
so Claims 1-8, characterized in that substance b) 

is a non-polymerizable crystalline material. 

10. A liquid crystalline material as claimed in 
Claims 1-8, characterized in that under the 

55 conditions of cross-linking substance a), sub- 

stance b) is a non-polymerizable liquid cry- 
stalline material. 
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11. A liquid crystalline material as claimed in 
Claim 9, characterized in that substance b) is 
selected from the group of compounds repre- 
sented by formulae 15-18 on the formula 



12. A liquid crystalline material as claimed in one 
of the preceding Claims, characterized in that 
the permanently oriented network is helically 
shaped. 70 

13. A display cell comprising two opposite plates 
; which are transparent to light as the substrate, 

which plates are provided with an electrode of 
a material which is transparent to light on the is 
sides facing each other, said electrode carry- 
ing an orientation layer arid a sealing material 
being provided between the ends of the plates, 
a liquid crystalline material being introduced in 
the space between the plates and the sealing 20 
material, characterized in that the liquid cry- 
stalline material is composed of at least two 
different liquid crystalline materials, as indi- 
cated in Claims 1-12. 



sheet, or a mixture thereof. 
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14. CH 2 = CH-C00-fCH2^ 0-Q-COO -fCH^ 00C-CH = CH 2 
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16. C.H 
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